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ABSTRACT: In this study, we applied the recently proposed income elasticity 
approach to investigate the presence of an inverted U relationship also known as the 
environmental Kuznets curve (EKC) in 20 African countries. we grouped the countries 
into three panels not according to any know regions, but according to income such as 
Low-income African economies, lower- Middle African economies and upper-Middle 
income African economies. We tested for the presence of an inverted U relationship for 
both individual-specific countries and for the 3 panels using short-run and long-run 
income elasticity approach. We conclude the presence of an inverted-U relationship 
exists when long-run Income elasticity is smaller than short-run income elasticity, 
meaning that as income increase over time, carbon emissions have reduced. In other 
words, as these individual African countries experience economic growth over time, 
their carbon emissions level has declined. This empirical finding is true only for Benin, 
Malawi, cote div our, south Africa, Botswana, and Libya, representing approximately 
30% of the sample. With regards to the panel groups, we found evidence supporting the 
presence of an inverted U relationship only in the panel of low-income African countries 
with long-run income elasticity smaller than the short-run income elasticity, thus, the 
low-income African countries have reduced their carbon emissions level as economic 
growth is attained.  
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1.  Introduction 
Climate change is one of the greatest challenges of man in the 21st century. It has brought about 
more frequent and extreme weather events accompanied by melting glaciers, rising sea levels 
and will impact people and nature alike. The global temperature and precipitation have changed 
rapidly over the last century due to increases in anthropogenic greenhouse gases (GHGs) in the 
atmosphere which includes burning of fossil fuels, like coal, petroleum, natural gas as well as 
large scale deforestation (IPCCC). According to the 5th IPCC assessment, most climate scientists 
agree that the main cause of the current global warming trend is the human expansion of the 
"greenhouse effect”. Over the last century is the burning of fossil fuels like coal and oil which 
has increased the concentration of atmospheric carbon dioxide (CO2). This is so because the coal 
or oil burning process combines carbon with oxygen in the air to make CO2. To a lesser extent, 
respiration, the clearing of land for agriculture, industry, and other human activities have 
increased concentrations of greenhouse gases. Among the greenhouse gases, CO2 plays a 
powerful role in enhancing the greenhouse effect and is responsible for greater than 60 percent of 
this effect (Ozturk and Acaravci, 2010).Among all the greenhouse gases, CO2 is the most 
dominant gas in the atmosphere and it accounts for over 60% of the greenhouse effect (Ozturk 
and Acaravci, (2010). 
Although Africa is the lowest source of GHG emissions (due to low levels of industrial 
development) compared to other regions of the world like Asia, USA, and Europe, Africa 
paradoxically remains the most defenseless to climate change impact and its magnitude (Beg et 
al., 2011, Huq et al., 2004 and Bewket, 2012) Africa is projected to be impacted by climate 
change with greater magnitude caused by land degradation, and desertification (Hummel, 2015).  
The Developing countries (LDCs), especially those in Africa rely significantly on output from 
the climate change sensitive-agricultural sector. Relying on such sector has placed such African 
economies on a more vulnerable position and the most vulnerable to the impact of climate 
change (Bruckner, 2012). Most African countries have very low ability and capacity to adjust to 
climate changes and the impact on the region (Bruckner, 2012; Hummel, 2015). According to 
IPCC, global temperature is expected to increase from 1.4 to 5.8°C by the year 2010 which is as 
a result of an increase in GHG concentration in the atmosphere, with carbon emissions as the 
most dominant GHG. The IPCC further made forecast temperature in Africa to rise from 2 to 6 
degree Celcius in the next 100 years as sub-Saharan Africa will make losses worth US$26 
million by 2060 as a result of climate change and on the other hand, high flooding and drought 
will follow in Africa as well (Dessalegn and Akalu 2015).    
African countries are pursuing the so-called vision2020, intended to make such countries among 
the top 20 developed countries in the world which have been postponed and rephrased as vision 
2030. Higher growth accompanied with a higher population, higher activities in all sectors of the 
economy such as agriculture, industrial activities, transportation, and Services; will require 
higher electricity production and consumption. Most African countries depend more on 
nonrenewable sources of energy such as those that will require the combustion of fossil fuels 
such as diesel, Gas, Petrol also known as PMS and also the burning of firewood, and charcoal 
which is dirty - carbon-emitting which will add significant amount carbon into the atmosphere 
over time. Thus, higher growth for Africa will be accompanied by higher environmental 
degradation through carbon emissions which will also come with higher consequences of climate 
change in African.   
Since the current contribution of Africa to global emission is very insignificant compared to 
other developed countries, should African nations attain growth and development by first 
polluting or degrading the environment and later on clean up?  Can African countries leapfrog 
the Pollution and environmental degradation stage of their growth? Alternatively, is it possible 
for Africa to change the direction of growth – degradation relationship in the region? This 
primary goal of this study investigates the relationship between carbon emission, energy 
consumption and economic growth under different income levels in different African countries. 
The study is anchored on a theoretical proposition called the environmental Kuznets curve 
(EKC), which states that economic growth is responsible for the degradation of the environment 
and subsequently the quality of the environment will improve. This study will furnish 
policymakers with empirical evidence of on impact of pursuing economic growth policies on the 
environment so as to improve the development plan of the African Region.  We will also identify 
countries whose economic growth path is consistent with the ekc (ekc refers to an Inverted-U 
between carbon emission and economic growth) hypothesis to enable Policymakers in such 
countries can take the appropriate policy to create a turning point. 
We follow the method proposed by Narayan and Narayan (2010) to test for the ekc to avoid the 
multi-co-linearity problem most often associated with the polynomial specifications designed to 
investigate the ekc-Inverted U relationships. The polynomial specification contains as 
independent variables such as GDP, the square of GDP and in some cases GDP raise to the third 
degree which enables detection linear, quadratic and cubic relationships respectively. However, 
Narayan et. al (2010) demonstrated that high co-linearity will exist in such models which will 
lead to spurious results, thus, inferences drawn from spurious results will be misleading in 
policymaking with great implications. Narayan et. al (2010) proposed the criteria to investigate 
the presence of ekc. When the long-run income elasticity of income (GDP) is less than the short-
run income elasticity. Alternatively, if the short-run income elasticity is positive and statistically 
significant and the long-run income elasticity is negative and statistically significant, then it 
suggests the presence of ekc, which implies that carbon emissions have increased and reduced 
over time as income in the country increases. We examine the ekc for individual specific 
countries and for panels of countries which are organized not according to known regions of the 
world such as North, East, South nor West Africa etc, but based on income as organized by the 
World Bank grouping of countries for 2018. The countries in each panel were organized 
according to income because we observed that even those countries within the same region do 
not grow nor develop at the same pace, as some countries grow and develop faster than others 
even in the same region. Thus, we categorized African countries into 3 panels consisting of Low-
Income African economies, Middle-Lower Income African economies, and Middle-Upper 
Income African Economies. 
2. Literature Review 
Narayan and Narayan (2010) investigated the presence of the environmental kuznet curve 
(henceforth, ekc) for 43 developing countries covering 1980-2004 using their respective short-
run and long-run income elasticity. The study propounded that, a long-run income elasticity that 
is smaller than short-run income elasticity is evidence supporting the presence of ekc or inverted 
U relationship between carbon emission and economic growth. the study tested the short and 
long-run income elasticity of 43 developing countries to examine the EKC hypothesis from 
1980–2004. They propounded as evidence of EKC that if the long-run income elasticity is 
smaller than the short-run income elasticity, then a country has reduced CO2 emissions due to the 
increased income. Empirical findings of the study suggest the presence of ekc for approximately 
35% of the sample, indicating that carbon dioxide emissions have reduced in the long-run as 
income increased. The presence is an inverted-U relationship (EKC) is also detected for panels 
of Middle Eastern and South Asian panels.  
 
Perman and stern (2003) applied panel cointegration to investigate the presence and path of the 
ekc. covering a panel of 74 countries. per capital sulfur oxide emissions and per capita income 
and per capita income square. The study did not support the presence of the (ekc). 
Dijkgraaf and Vollebergh (2001) investigated the ekc in the relationship between carbon 
emissions and per capita GDP for OECD counties from 1960-1990. The study also followed the 
polynomial specification with income and square of income and independent variables but did 
not find evidence supporting the presence of ekc. 
Azomahou, Laisney, and Van (2006) applied a nonparametric approach to investigate the 
presence of ekc hypothesis. The sample for the study covered 100 countries from 1960-1996. 
The study found evidence supporting ekc for some of the countries. 
Galeoti et al. (2006) estimated the existence of EKC using a Weibull functional form; the model 
was estimated by Maximum Likelihood (ML) on carbon emission for 125 countries. The 
findings appear mixed; with evidence of an EKC with a reasonable turning point for the period 
1960-1967 for OECD countries, while a concave pattern with no reasonable turning point is 
obtained for non-OECD countries during 1971-1997.   
Bertinelli and Strobl (2005) attempt examining the existence of an EKC in a cross country study 
using a semi-parametric regression estimator for 122 countries for the period of 1950-1990 and 
the result was unable to reject the linearity of the relationship between income and pollution. In 
another Similar study, Bertinelli and Strobl (2004) and Nguyen-Van (2009) found evidence in 
support of EKC for SO2 and CO2. While Omisakin (2009) investigated the relationship between 
economic growth and environmental quality in Nigeria using Johansen cointegration analysis for 
the period 1970-2005 with no evidence to support EKC.  
Charfeddine and Mrabet (2017) employed Pedroni panel cointegration test and Granger causality 
in panel VECM framework to evaluate the EKC hypothesis for 15 MENA (the Middle East and 
North African) countries over the period 1975–2007. EF was used as a proxy of environmental 
degradation. Other variables are energy used, real GDP, life expectancy at birth, fertility rate and 
political-institutional index. The estimation was done for all MENA 15 countries, for oil-
exporting and non-oil-exporting countries sub-samples. real GDP per capita exhibits an inverted 
U-shaped relationship with EF in oil-exporting countries and in the sample as a whole, hence, the 
EKC hypothesis is validated. For the non-oil-exporting countries, the relationship between EF 
and economic growth is U-shaped, hence EKC is not supported.  
  
Methodology  
2.1 Data and Result 
Data 
This study is focused on only African countries with data set covering the period of 1990 to 
2014. The countries each panel was chosen by the availability of data. We obtained Carbon 
emissions and Gross domestic product (GDP) data from the World Bank. The study divided 20 
African countries into three-panel groups, not according to any known regions of the world, but 
according to income – following World Bank grouping of countries  
in the world according to income, and this is simply because different countries grow at a 
different pace even for countries within the same region. The 20 countries are grouped into 3-
panel groups composed of: a panel of 9 Low-income African countries; a panel of 6 Middle-
Lower African countries and a panel of 5 Middle-Upper-income African Countries.  
4.1 Discussion of Unit root test results 
As a pre-test for cointegration in panel regression analysis, we applied Augmented Dickey fuller 
tests to ascertain the order of integration of the individual variables in the study. We confirmed 
after application of ADF model that all variables under consideration – GDP, Carbon Emissions 
and Energy consumption, for all 21 African countries, are integrated of order one, however they 
become stationary after first difference.  Although there are numerous unit root tests for panel 
analysis, this study will apply panel unit root tests proposed by Breitung (2000) this is simply 
because Hlouskova and Wagner (2006) provided evidence that in using Monte Carlo simulations 
the Britung (2000) panel unit root has the highest power and the least size of distortions from 
among a suite of panel unit root tests. (Narayan, et. al (2010) further that a significant limitation 
of the Breitung (2000) is in the autoregressive coefficient,  which is often restricted to appear 
identical across units under the null hypothesis as well as under the alternative hypotheses. This 
limitation of Breitung (2000) has been solved by IM et al (2003) by avoiding the assumption that 
all units converge towards equilibrium at the same adjustment speed (Narayan, et. al (2010). The 
unit root test statistics for IPS and Breitung are reported in panel A of table1. For all the three 
panels, the two test statistics showed evidence supporting that carbon emission; energy 
consumption and economic growth (GDP) are Panels non-stationary. 
  
Table 1 
Panel results 
 
Panel A: Unit root test for Panel 
regression analysis 
Income-Group Panel 
IPS Breitung t-test 
lGDP lECONS LCO2  lGDP  lECONS LCO2 
Low-Income African Countries -8.10 ** -5.91*** -6.33*** -9.29*** -5.047*** -2.10** 
Middle-Lower Countries -5.88*** -5.76*** -5.88*** -5.01*** -1.74** -5.01*** 
Middle Upper countries -5.73*** -6.42*** -4.88*** -2.42*** -4.57*** -1.03 
 
Panel B:  Test  estimates from 
Pedroni Panel cointegration test   
 
Income-Group Panel 
 
Panel PP 
 
Panel ADF 
 
Group PP 
 
Group ADF 
Low-Income African Countries -1.85* -1.95** -1.81** -2.64*** 
Middle-Lower Countries -1.70** -1.77** -0.74 -0.67 
Middle Upper countries -3.87*** -4.02*** -4.03*** -3.98*** 
 
Panel C: Long and short-run income 
elasticity for each panel 
 
Income-Group Panel 
 
Long-run 
 
 
Short-run 
 
ECT 
 GDP ECONS D(GDP) D(ECONS) -0.154*** 
Low-Income African Countries -0.03 0.62*** 0.05 1.20* -0.21*** 
Middle-Lower Countries 0.15** 0.007 0.01 1.69** -0.44*** 
Middle Upper countries 0.05 0.15** 0.026 0.39** -0.44*** 
 
     
Note 
: *, **, *** represents statistical significance at 10%, 5% and 1% respectively. 
 
4.3 Panel Cointegration Test 
In this study, we applied Pedroni suit proposed by Pedroni (1999) and Westerlund (2007) to investigate 
the presence of panel long-run cointegration among carbon emissions(C02 emissions), Energy 
consumption and Economic Growth in Africa. According to Narayan et. al (2010) Pedroni cointegration is 
a suit with seven test statistics; panel v-statistics, panel t-statistics (non-parametric), panel ρ- statistics, the 
panel t-statistics (parametric), the group ρ-statistics, the group t-statistics (non-parametric) and the group –
statistics (parametric).  We specify the regression of panel cointegration as follows:                                       
 
T=1,…, T; i=1,…, N 
  
 Table 2: Long-run and short-run income elasticity for individual countries 
 
AFRICAN COUNTRIES 
Long-run Short-run  
GDP ECONS D( GDP) D(ECONS) ECM 
 
Panel A: Low-Income Countries 
Benin 0.74** (2.39) 0.008 (0.02) 0.34* (1.97) 0.008 (0.03) -0.45 **(-2.47) 
Burkina Faso 0.50*** (10.8) 0.20*(1.76)) 0.29*** (3.76) -0.085 (-0.66) -0.58*** (-3.68) 
Burundi 0.09 (0.73) -1.45***(-6.59) 0.069 (0.85) 0.55**(-0.66)) -0.79***(-3.22) 
Ethiopia 0.17 (1.80) 0.68 (3.22)** 0.07 () 0.29** (3.45) -0.42** (=2.31) 
Liberia -0.34**(-1.87) 1.18**(2.71) -0.23**(-2.12) 0.79**(3.10) -0.67***(-4.34) 
Malawi -0.23 (0.26) 1.24 (1.22) -0.8 (2.14) -0.43 (0.15) -0.34 (0.21) 
Zimbabwe 1.18 (1.63) -7.10 (4.35) -0.19(-1.06) 0.22(0.22) -0.18**(-1.90) 
Senegal -0.233(-1.51) 1.24(0.81) -0.08(-1.32) 0.43(0.93) -0.34(-1.69) 
Mali 0.09(0.21) 0.34(0.23) 0.03(0.20) -1.99(-1.45) -2.99*(-1.90) 
Panel B: Middle-Lower Countries 
 
Nigeria -0.56(-1.14) 3.88(1.42) -0.12(-1.12) 5.57***(3.30) -0.22**(-1.12) 
Zambia 6.16(0.09) -18.8(-0.09) 0.053(0.72) 3.81**(3.90) 0.008(0.09) 
DR Congo 1.26 (0.32) 0.90 (0.14) -0.25*(-1.12) 1.17(1.28) -0.14 (1.44) 
Egypt -0.11(-1.05) 0.86***(4.08) -0.07 (-1.22) 0.55**(2.68) -0.06**(-2.54) 
Kenya 0.38(0.53) -1.46(-0.53) 0.08 (0.55) 3.51**(2.21) -0.22(-1.50) 
Cote di vour -0.28(-0.63) 0.20(0.32) 0.37(1.23) 1.21**(2.38) -0.51**(-2.53) 
     
 
Panel C: Middle-Upper Income Countries 
 
South Africa -0.01 (0.22) 0.32 (1.42) 0.12 (1.05) 0.19 (1.20) -0.60 (3-3.84)*** 
Botswana 0.03(0.26) 0.39(1.14) 0.025(0.26) 0.27(1.16) -0.70**(-2.42) 
Libya -0.01(0.11) 0.32(1.29) 0.12(1.51) 0.19(1.33) -0.60***(-3.06) 
Gabon 0.19(0.93) -0.50(-2.67) 0.07(1.09) -0.20**(-2.01) -0.40**(-1.94) 
Namibia 0.32**(2.64) 0.10(0.42) -0.22(-0.01) 0.73(1.44) -0.94***(-4.14) 
Note: 
( ) t-statistics 
 *, **, *** represents P-value statistical significance at 10% , 5% and 1% respectively. 
 
 
 
From the above equation, lGDP, lEcons and lCo2 represent the natural logarithm of real GDP, energy 
consumption and carbon emissions respectively. The study carried out cointegration test using Pedroni’s 
suite of tests and estimates from the tests are reported in panel B of Table 1. All the test statistics support 
the presence of cointegration relationship between GDP, carbon emissions and energy consumption at 
least at 10% level of significance for all the countries in all panels except carbon emissions for Group PP 
test statistics for middle-upper economies 
 
4.4 Individual/country-specific results 
Table 2 contains the long and short-run income elasticity for individual countries as well as the lagged 
value of the error correction term for the 20  
African economics grouped into three panels according to income. Based on the world bank grouping of 
economies according to income for the year 2018, we present in panel A the result for countries that fall 
within the low income African economies which consists of 9 countries; Panel B is composed of Middle-
lower income economies in Africa composed of 6 countries and Panel C for Middle-upper income African 
economies consisting of 5 countries. 
For the Low-income African Economies, in the Long-run income elasticity is less than short-run income 
elasticity with coefficients of 0.34 and 0.73 respectively, which are not statistically significant. The error 
correction term does not support long-run cointegration.  
The result shows that in the short run Benin, Burkina-Faso, Burundi, Ethiopia and Mali, GDP has a 
positive effect on carbon emission but only Benin, Burkina Faso are statistically significant while Liberia 
Malawi, Zimbabwe, and Senegal have a negative effect on carbon emissions in the short run. The short-
run income elasticity for the individual countries in this panel ranges from 0.03 for Mali to 0.8 in the case 
of Malawi. All the countries in this panel have income elasticity less than 1. Since none of the countries 
with positive short-run income elasticity have corresponding negative long-run income elasticity, they do 
not support the presence of EKC. However, an alternative way to detect the presence of EKC-inverted U 
relationship as proposed by Narayan et. al (2010) is to compare the long-run impact of income on 
emissions with the short-run impact i.e. if the short-run income elasticity is larger than the long-run 
income elasticity, Vice versa, we accept the EKC hypothesis, suggesting that over time carbon emissions 
has increased and reduced as income increases. Based on this criterion, no low-income country is 
consistent with ekc hypothesis, however, the error correction terms are all signs indicating the presence of 
long-run cointegration except for Benin and Malawi. 
The result for middle-lower income economies in Africa, only Nigeria, Egypt and Cote divour has 
statistically significant error correction terms which indicates the presence of long-run cointegration 
among carbon emissions, energy consumption and economic growth. The long-run income elasticity 
ranges from 0.11 for Egypt to 6.16 for Zambia. Short-run and long-run income elasticity for Nigeria, 
Zambia, Democratic Republic of Congo, Egypt and Kenya are not consistent with the ekc. Nigeria and 
Egypt have negative income elasticity in both short-run and long-run; Zambia and Kenya has statistically 
insignificant elasticity in long run but Kenya has significant short-run elasticity. They are all not 
consistent with EKC hypothesis except for cote d vour. Only cote d vour has satisfied the two criteria for 
the presence of ekc. It has a negative long-run coefficient and a positive short-run coefficient. In addition, 
it also shows that the long-run income elasticity is smaller than the long-run income elasticity. Both short-
run and long-run income elasticity are statistically significant. 
For Middle-Upper Income African Economies, only South Africa and Libya support the presence of the 
ekc, satisfying the two criterions for the presence of ekc-inverted U relationship. Both countries have 
negative long-run income elasticity and positive short-run income elasticity. They also satisfy the second 
criteria with long-run income elasticity smaller than the long-run income elasticity and are all significant 
at 1% significance level. 
Our empirical result for Botswana and Gabon shows statistically significant positive short-run and long-
run income elasticity, with long-run income elasticity larger than short-run income elasticity while in 
Namibia, we found evidence of positive long-run income elasticity and negative short-run income 
elasticity. It also shows that long-run income elasticity is greater than short-run income elasticity which is 
also not consistent with ekc hypothesis. Thus we do not find any evidence of the presence of ekc for 
Botswana, Gabon, and Namibia, however, only South Africa and Libya support Ekc hypothesis within 
middle-upper income countries. 
5. Policy Implication 
Our empirical evidence showed that only six countries out of 20 countries, representing 30% of the 
countries covered in this study have reduced their emissions over time as income increases. The remaining 
12 countries representing 70% rather increased their emissions as income increases. Thus we suggest 
deployment of all necessary measures to help reduce emissions level such as using more energy-efficient 
devices, carbon trading system, the imposition of a carbon tax on polluters among several other measures. 
6. Conclusion 
There is quite a large pool of empirical studies that investigated the ekc, however, most of the studies, due 
to spurious nature of the model such studies follow; we applied a recently developed technique to detect 
the presence of ekc proposed by Narayan and Narayan (2010). Our study differs from Narayan et al 
(2010) by extending the study to the year 2014.  
We contribute to the existing empirical literature by performing the first notable empirical study to apply 
the income elasticity approach proposed by Narayan and Narayan (2010) to investigate the presence of 
ekc strictly focusing on only African countries, to best of our knowledge. by performing a panel study on 
20 African countries pooled into 3 panels according to world banks income groups such as low income, 
middle-lower income, and middle upper-income African countries. We found evidence that in six (6) 
countries, Benin, Malawi, Cote divour, South Africa, Botswana, and Libya,  representing 30% of the 
sample, there is a reduction in carbon emissions over time. Alternatively, we found no evidence of an 
inverted U relationship in low-income countries. These countries will increasing their future emissions 
and a turning point has not been reached. When we considered the lower-middle-income countries we 
found an inverted U relationship only for Cote devour out of 6 lower-middle-income countries. We found 
evidence of an inverted-U-relationships in the Middle-Upper income African countries for South Africa 
and Libya. Thus we can conclude that as income increases in Africa, the level of environmental 
degradation, in this case, carbon emissions, will increase for 14 countries considered in this study, while 
only 6 countries have reached a turning point.  
We recommend adoption of renewable energy such as solar, hydroelectricity,  wind and all other forms of 
clean energy as well development of  favourable economic policies that will ensure smooth financing and 
adoption of   this new technology on a wide scale into production, transportation, household; and the use 
of legal institutions etc. all of these efforts will help to create a turning point (an inverted U relationship) 
which will ensure the attainment of both the objective of  economic growth without degrading the 
environment and averting the future impact of climate change. 
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